Pancreatic mesenchymal stem cells (MSCs) may be derived from human b-cells undergoing reversible epithelial-mesenchymal transition (EMT), suggesting that they could be a potential source of new b-cells. In this study we sought to determine the origin of pancreatic MSCs in the nonendocrine pancreas. Double immunofluorescent (IF) staining and flow cytometry were used to assess the cell phenotype of nonendocrine pancreas tissue following islet procurement, during in vitro expansion of MSCs, and after differentiation. IF staining of paraffin-embedded pancreatic biopsy sections was used to assess cell phenotype in vivo. In this study we demonstrated that: (1) pancreatic epithelial cells do not express MSC antigens in vivo; (2) following islet isolation EpCAM-and CK19-positive epithelial cells coexpressed the MSC antigens CD44 (32±8% and 38±10%) and CD29 (85±4% and 64±4%); (3) during in vitro expansion the number of single-positive epithelial and double-positive epithelial/MSCs decreased whereas the number of single-positive MSCs increased and (4) differentiated MSCs do not revert to a true epithelial cell phenotype in our culture conditions, as epithelial cell surface markers (EpCAM, CK19 and E-Cadherin) are not reexpressed, although the MSC phenotype is altered. This study demonstrates that MSCs may be derived in vitro via a pancreatic epithelial cell undergoing EMT, however it is more likely that a small percentage of MSCs that reside in the adult pancreas are proliferating whereas the epithelial cells are negatively selected by the experimental culture conditions.
Islet transplantation requires a minimally invasive procedure and has been shown to ameliorate diabetes by eliminating the need for daily insulin injections. Prolonged islet graft survival does however require chronic immunosuppression that may have detrimental side effects, and moreover only 10% of recipients remain insulin independent at 5 years after transplant. 1 Nonetheless, these patients remain C-peptide-positive and have improved glycemic control. Possible reasons for the loss of graft function in these patients include toxicity of the immunosuppressive drugs, chronic allograft rejection, recurrence of autoimmunity, lack of islet precursors in the graft to allow for continuous b-cell turnover 2 and the limited longevity of an adult islet graft. 3 Concurrently, the shortage of human pancreases limits the availability of donor tissue, which precludes islet transplantation from becoming a more applicable form of therapy.
The expansion of b-cells from a progenitor/stem cell source is a practical alternative to the shortage of donor islets. Several studies have reported that progenitors reside within the pancreas itself. Possible sources of these progenitors are the pancreatic ductal epithelium, [4] [5] [6] [7] [8] [9] [10] [11] acinar tissue, [12] [13] [14] islets 15, 16 and mesenchyme. [17] [18] [19] [20] [21] [22] [23] Studies have indicated that mesenchymal stem cells (MSCs) are multipotent and capable of deriving functional endoderm. [24] [25] [26] [27] [28] [29] Although MSCs isolated from bone marrow can be differentiated into insulinproducing cells 28, 29 these newly derived b-cells secrete significantly lower amounts of insulin as compared to native adult b-cells. 28, 29 As b-cells could be derived from cells of mesenchymal origin, 26, 28, 29 we hypothesized that MSCs originating from the pancreas would possess a greater potential to differentiate into functional b-cells as compared to MSCs isolated from nonpancreatic tissues. We previously reported that MSCs could be isolated and expanded in large numbers from human pancreatic ductal epithelium. 20 These pancreatic MSCs were phenotypically similar to bone marrow-derived MSCs as they expressed typical MSC cell-surface antigens and could be differentiated in vitro into mesoderm. Moreover, we demonstrated that pancreatic MSCs were multipotent as they were able to cross the mesodermal lineage and derive cells of endoderm origin such as hepatocytes. 20 Our attempts to differentiate pancreatic MSCs into functional b-cells resulted in the expression of some genes necessary for islet and b-cell development including NeuroD, PDX-1, ngn3 and Pax4 in addition to several endocrine hormone transcripts; however, we have not observed protein expression of these gene products. Although we first reported that pancreatic-derived MSCs lacked insulin protein expression, 20 several others have reported that isletlike clusters derived from MSCs or mesenchymal cell intermediates secrete insulin, C-peptide and glucagon. 18, [21] [22] [23] One model in particular suggested that MSCs were derived via human b-cells undergoing a reversible epithelial-mesenchymal transition (EMT). 18 However, this mechanism for deriving new islets has become controversial. [30] [31] [32] [33] Reports that use lineage tracing of b-cells from transgenic mice concluded that in culture, MSCs were not derived from b-cells but instead preexist within the adult islet. 31, 32 However, in a recent report, Russ et al 34 successfully labeled human b-cells using a dual lentivirus system and demonstrated that unlike mouse b-cells, human b-cells do dedifferentiate and can be expanded in culture. Despite this recent progress the origin of human pancreatic MSCs from cultured nonendocrine pancreas tissue is undetermined.
The objective of this study was to determine the origin of human pancreatic MSCs from cultured nonendocrine pancreatic tissue. Similar to MSCs derived from purified islets, MSCs from the nonendocrine pancreas may be derived from an epithelial cell within the acinar tissue that undergoes an EMT, 18 or from preexisting MSCs that reside within the exocrine and/or ductal epithelium. 31, 32 Determining from which population pancreatic MSCs are derived should enable future studies to either positively select these cells or discard certain populations to enhance the isolation of the elusive b-cell progenitor. In this study, we further characterized cell cultures of human pancreatic-derived MSCs with respect to the epithelial cell content, MSC content and the coexpression of MSC and epithelial cell antigens, and compared this to the expression in the native pancreas and differentiated pancreatic MSCs. We demonstrated that: (1) native pancreatic epithelial cells do not coexpress typical MSC antigens; (2) in 2-day cultures of human pancreatic digests EpCAM-and CK19-positive epithelial cells express the MSC antigens CD44 (32±8% and 38±10%, respectively) and CD29 (85 ± 4% and 64 ± 4%, respectively); (3) during in vitro expansion of pancreatic-derived MSCs the proportion of single-positive epithelial and double-positive epithelial/MSCs decreases; and more importantly we demonstrated that (4) differentiated MSCs do not revert to a true epithelial cell phenotype in our culture conditions, as epithelial cellsurface markers (EpCAM, CK19 and E-Cadherin) are not reexpressed, although the MSC phenotype is altered.
MATERIALS AND METHODS
Nonendocrine pancreatic digests from five independent human donors ranging from 43 to 65 years of age were obtained following islet purification and cultured as described previously. 20 Briefly, the islet-depleted tissue was cultured for 2-4 days in RPMI medium (Invitrogen, Burlington, Canada), supplemented with 10% fetal bovine serum (Invitrogen) to produce cellular aggregates, composed primarily of ductal epithelium. The resulting cellular aggregates were then used to derive and expand MSCs. Ductal aggregates were dissociated with 0.1% trypsin (SigmaAldrich, Oakville, Canada) and single cells were fixed for flow cytometry analysis, preserved for RNA extraction and RT-PCR as described previously, 20 and seeded into either 150 mm tissue culture-treated plates or 4-to 8-well tissue culture-treated chamber slides (BD Biosciences, Bedford, MA, USA). Human pancreas biopsy sections were fixed in Z-fix (Anatech Ltd, Battle Creek, MI, USA) and paraffin embedded.
Cell Expansion and Differentiation
Single cells were cultured and expanded on 150 mm tissue culture-treated dishes and 4-to 8-well chamber slides utilizing RPMI 1640 supplemented with 10% fetal bovine serum, 10 mM HEPES, 1 mM sodium pyruvate, 71.5 mM b-mercaptoethanol and 20 ng/ml each of EGF and bFGF (Invitrogen) in conditions described previously. 20 To assess changes to cell phenotype during this in vitro expansion, cells in chamber slides were harvested and fixed with 1% formaldehyde (BDH Laboratory Supplies, UK) after 24, 48 and 72 h of culture. Cells grown in monolayers on 150 mm dishes were detached with trypsin-EDTA and replated after achieving confluence for up to four passages (30 days). Pancreatic MSCs were differentiated as a monolayer utilizing a serum-free multistep, 15-day protocol followed by cellular aggregation. 20 In step 1, the cell monolayer was treated for 3 days with Iscove's Modified Dulbecco's Medium (Invitrogen). In step 2, the medium was supplemented with 20 ng/ml of Oncostatin M (Cedarlane, Hornby, Canada), 1 mM dexamethasone (Sigma-Aldrich), and 50 mg/ml of ITS þ Premix (BD Biosciences) for 3-6 days. In steps 3 and 4, the medium was supplemented with 10 mM nicotinamide (Sigma-Aldrich) for 3 days followed by 3 days with 10 mM nicotinamide and 10 nM of exendin-4 (Sigma-Aldrich). In step 5, 10 ng/ml of transforming growth factor-b1 (TGF-b1; Cedarlane) was included with nicotinamide and exendin-4 for 2-3 days. In step 6, cells were detached with trypsin and aggregated by reconstituting cells at 125 000 cells/ml in IMDM supplemented with exendin-4, nicotinamide, TGFb1, ITS þ Premix in ultra low attachment plates (Corning, NY, USA) for 3 days.
Double Immunofluorescent Staining
Immunofluorescence (IF) analysis was performed on paraffin-embedded adult pancreatic sections and on cells expanded on chamber slides after fixation with 1% formaldehyde. Paraffin sections were rehydrated and immersed in Tris-EDTA for antigen retrieval by microwaving. Paraffin sections and chamber slides were permeabilized for 3 min with 0.1% Triton X-100 and blocked with 20% normal goat serum (NGS) in PBS for 1 h. If biotinylated primary antibodies were used, an avidin/biotin (Vector Laboratories Inc., Burlingame, CA, USA) blocking step was included before the addition of the first primary antibody. Primary antibodies were diluted in 5% NGS at the following concentrations: . Before the addition of the second primary antibody a second blocking step was included using 1:10 Fab fragment goat anti-mouse IgG in 5% NGS (Jackson ImmunoResearch Laboratories Inc., West Grove, PA, USA). Following the second primary/secondary antibody step slides were coverslipped with ProLong Gold anti-fade reagent with DAPI (Invitrogen) to counter stain nuclei and preserve fluorescence. Primary antibodies raised in mouse were never used in combination unless one primary was biotinylated and multiple blocking steps were included. Negative controls were sections and chamber slide wells incubated without primary antibodies. All slides were visualized with an Axioscope II equipped with AxioCam MRC and analyzed with Axiovision 4.6 (Carl Zeiss, Gottingen, Germany).
Flow Cytometry
Cell-surface antigen expression at the start of the study, after 2-4 days culture, MSC expansion and differentiation were also determined by flow cytometry analysis as described previously. 20 Briefly, cells were dissociated, followed by fixation with 1% formaldehyde, washed with PBS and permeabilized by 0.3% saponin for 10 min at room temperature when required for intracellular markers. Unlabeled primary antibodies were applied for 30-60 min at 41C followed by washes and incubation with fluorescent secondary antibodies. For double staining, the unconjugated antibody was incubated first, followed by incubation with fluorescent secondary and conjugated primary antibodies. When staining for both cell-surface and intracellular markers in the same sample, involving one unconjugated primary antibody and one directly conjugated antibody, both raised in mouse, the unconjugated antibody was applied first, then its companion fluorescent secondary antibody, followed by a combination permeabilization and blocking step using Fab goat antimouse IgG (Jackson ImmunoResearch) at room temperature for 15 min. The cells were then incubated with the directly conjugated intracellular antibody. Before analysis, all cells were washed twice with PBS, and analyzed on a FACS Calibur (BD Biosciences, Mississauga, Canada) using Cell Quest Pro software and compared to matched isotype controls. In addition to the antibodies used to confirm MSC phenotype, 20 antibodies to endocrine and exocrine hormones as well as epithelial cell antigens were used: 1:500 guinea pig anti-insulin (Dako), 1:5000 guinea pig anti-glucagon (Sigma), 1:250 rabbit anti-amylase (Sigma), 1:50 mouse anti-CK19 (Dako), 1:100 mouse anti-E-Cadherin (R&D) and 1:200 mouse anti-EpCAM (Stem Cell Technologies). Values are expressed as mean percent±s.e.m.
RESULTS

Human Pancreatic Epithelial Cells do not Coexpress MSC Antigens In Vivo
To determine if epithelial cells within the adult pancreas coexpress MSC cell markers, we analyzed pancreatic biopsy sections (n ¼ 5) by double IF staining. We chose to assess the epithelial markers CK19, E-Cadherin and EpCAM along with antibodies we have used to characterize pancreatic MSCs (CD29, CD44 and vimentin). Before determining if epithelial cells that express E-Cadherin and EpCAM also coexpress MSC cell-surface markers, we first determined where E-Cadherin-and EpCAM-positive epithelial cells were localized in the pancreas by costaining with insulin, glucagon and amylase. E-Cadherin expression was confined within the i slets ( Figure 1a, d and g ), and colocalized with insulinpositive b-cells (Figure 1c) , and not colocalized with glucagonor amylase-positive cells (Figure 1f and i) . EpCAM was expressed throughout the pancreas and not colocalized to a specific cell population (Figure 2 ). Double IF staining of pancreatic sections demonstrated that EpCAM-, E-Cadherinand CK19-positive epithelial cells (Figures 3b, e, h, 4b , e and h) do not coexpress MSC antigens (vimentin and CD29; Figures 3c, f, i, 4c, f and i). Vimentin staining was present throughout the connective tissue (mesenchyme derived) and in the vascular lining and ductal walls (Figure 3a, d and g ). CD29 expression was found within the vascular lining and ducts of the pancreas (Figure 4a, d and g ). More specifically vimentinand CD29-positive cells were located in the outer wall of the ducts whereas CK19-positive cells lined the lumen (Figures 3i  and 4i) . CD44 staining was similar to that observed for vimentin (data not shown).
Characterization of Pancreatic-Derived Cell Populations
Similar to our previous study, 20 we expanded MSCs from the nonendocrine pancreatic tissue following islet purification and 2 days of culture, and confirmed their cellular phenotype by assessing the expression of a number of cell-surface antigens commonly used to characterize bone marrow-derived MSCs. To determine if pancreatic MSCs were derived from epithelial cells within the nonendocrine pancreas that may possibly transdifferentiate and/or undergo a reversible EMT, we characterized our starting cell populations (2-day cultures), following tissue culture for 24, 48, 72 h and at the first (7-10 days) and second (14-20 days) passages by flow cytometry. As described previously, 20 our starting cell preparations were positive for insulin (4 ± 1.82%), glucagon (3.8 ± 2.3%), amylase (45.2 ± 11%) and CK19 (62.2 ± 4.29%; n ¼ 5). The flow cytometry histograms in Figure 5a from a single donor comparing the starting cell fraction with cells expanded for 2 weeks demonstrated that following islet purification and 2 days of culture the starting cell composition consisted primarily of epithelial cells that were EpCAM (99%), CK19 (68%) and amylase (61%) positive as well as cells positive for CD29 (90%) and CD44 (50%). In contrast, these initial cell preparations were less than 4% insulin-and E-Cadherin-positive (Figure 5a) , thereby indicating that all b-cells expressed E-Cadherin. As these cells were cultured, the proportion of cells expressing typical MSC antigens (vimentin, CD105, CD90, CD13, CD29 and CD44) increased whereas the percentage of epithelial cells (CK19 and EpCAM) decreased (Figure 5b) .
When determining the percentage of epithelial cells that coexpressed MSC antigens, we observed that in the starting preparation a large proportion of EpCAM-and CK19-positive epithelial cells coexpressed MSC antigens ( Figure 6 ). In this fraction, EpCAM-and CK19-positive cells coexpressed CD29 (85.4±3.97% and 64±4.05%, respectively). EpCAM-and CK19-positive cells at this time point also expressed CD44 but at a much lower level (32.2±8.18% and 38.6±10.01%, respectively). Vimentin was also coexpressed ( Figure 6 ) by these epithelial cells (20.2 ± 5.35% and 9.0 ± 1.26, respectively) but at a significantly lower proportion because the percentage of vimentin-positive cells in the starting cell fraction was less than 20% (Figure 5b ). We also observed that the proportion of epithelial cells that coexpressed CD44 and CD29 decreased with each passage (Figure 6 ). By contrast, the cells that coexpressed vimentin were highest at passage 1, reflective of the fact that the proportion of vimentin-positive cells increased with culture. In these cell fractions there were also single-positive epithelial (EpCAM and CK-19) cells, and cells only expressing the typical MSC antigens.
The starting cell preparations after 2 days in culture were also dissociated, cultured on 4-and 8-well chamber slides (24, 48 and 72 h) and assessed for CD29 (Figure 7a 
Epithelial Cell Phenotype is not Restored following b-Cell Differentiation
Using previously developed protocols 20 to try to differentiate these pancreatic MSCs into islet cells we were unable to achieve expression of endocrine proteins, but we observed Epithelial-mesenchymal transition and cell culture KL Seeberger et al that the cell phenotype was altered. When we compared the cell-surface antigen expression of differentiated cells to undifferentiated cells by flow cytometry, we observed a decrease in the expression of MSC antigens in the differentiated cells. In the differentiated cells, CD44 expression was reduced to 2.4 ± 0.98% from 87.8 ± 7.1%, CD105 was reduced to 72.2 ± 15.2% from 98.0 ± 0.0%, CD90 was reduced to 73.6±12.3% from 80.6±12.2%, CD13 was reduced to 67.4±11.8% from 78.2±5.4%, CD29 was reduced to 86.4±7.7% from 98.0±0.0% and vimentin was reduced to 94.8±1.1% from 98.2±0.2%. The histograms (Figure 8 ) from a single donor show the decreased antigen expression following differentiation compared with undifferentiated cells cultured for the same length of time (18 days). More importantly cells differentiated with this protocol did not express or reexpress epithelial (CK19, EpCAM and E-Cadherin) cell antigens (Figure 8 ) or endocrine hormones (data not shown).
DISCUSSION
Several studies have reported the in vitro expansion of multipotent MSCs from pancreatic islet cultures and the differentiation of these MSCs into insulin expressing cells. [17] [18] [19] [21] [22] [23] These studies suggest that MSCs either originate from b-cells themselves that undergo a reversible EMT to generate new b-cells 18 or reside within islets as a distinct cell population. [21] [22] [23] Whether MSCs are derived via EMT or are present within islets, the majority of these studies report increased levels of insulin mRNA transcripts following differentiation but the transcript levels are less than 1% of human islets. 18, 22, 23 Others have demonstrated cellular insulin expression in differentiated cells; however these cells remain unresponsive to a glucose challenge. 21, 22 Few studies have convincingly demonstrated that these differentiated cells are truly functional b-cells that also express epithelial cell antigens. 18, 23 Therefore, the origin and potential of MSCs derived from islet cultures in the generation of functional insulin secreting b-cells remains controversial. To further define the role of pancreatic-derived MSCs, we sought to determine where these cells originate in cultured nonendocrine pancreatic tissue and whether they are capable of differentiating into functional pancreatic epithelial cells that express the most fundamental epithelial cell antigens. Previously we demonstrated that MSCs could be isolated and expanded in large numbers from human pancreatic ductal epithelium. 20 Our attempts to differentiate these MSCs into functional b-cells resulted in the expression of some genes necessary for islet and b-cell development and endocrine hormone transcripts; however these cells did not express cellular insulin. 20 With respect to where in the nonendocrine pancreas MSCs originate, we demonstrated that 2-day cultures of pancreatic digests almost void of endocrine cells (4 ± 1.82% insulin) contained single-positive MSCs and epithelial cells, as well as epithelial cells that coexpressed MSC antigens. In addition, we show that during in vitro expansion of pancreatic MSCs the epithelial cell population decreased over time regardless if MSC antigens were coexpressed. We also observed that the cellular composition of MSCs in the initial 2-day cultured digest was quite different compared to the cells expanded for 7-14 days (first passage). A subpopulation of MSCs were present in the starting preparation (2-day cultures) because only CD29 and CD44 were expressed by a large proportion of cells at this time point (Figure 5a and b) thereby indicating that pancreatic MSCs are heterogeneous. By contrast, pancreatic sections showed no evidence of epithelial cells that coexpressed MSC antigens. This observation was expected because in normal, differentiated tissue there should not be a loss of epithelial phenotype whereas in tissue exposed to collagenase digestion and 2-day culture this phenomenon could easily occur. Therefore, MSCs in these pancreatic cultures may have originated from MSCs that initially preexist such as the vimentin-positive cells observed in pancreatic sections (Figure 3 ) and/or possibly from epithelial cells that dedifferentiated into MSCs (ie, EMT). As in studies with bone marrow-derived MSCs, the isolation procedure itself may introduce genetic changes that affect cell phenotype and differentiation potential 35, 36 which may explain why epithelial cells coexpressed MSC antigens in the 2-day cultured pancreatic digest. Similarly, differences in donor characteristics, isolation or culture protocols and methods used to accurately define the cell composition of the mesenchymal progenitors [20] [21] [22] [23] and differentiated tissue could reflect the disparity seen between studies involving pancreatic mesenchymal progenitors. [20] [21] [22] [23] Following our differentiation procedure, we demonstrated that although we alter the MSC phenotype and our differentiated cells express mRNA transcripts for endocrine hormones and developmental factors 20 we have no evidence that these are functional b-cells. We hypothesize that the low number of epithelial cells (o7%; Figure 8 ) we observed following differentiation may to contribute to our positive RT-PCR results (not shown). In addition, although CD44 is almost ablated ( Figure 8) ; a large proportion of undifferentiated cells such as vimentin (91%), CD90 (89%) and CD29 (56%) positive cells are present after differentiation, which indicates that differentiation is incomplete.
Unlike Davani et al 23 who suggest that they derive epithelial cell clusters (ECC) that are b-cell-like from mesenchymal precursors because these ECC have a small increase for transcripts of epithelial junctional proteins, Epithelial-mesenchymal transition and cell culture KL Seeberger et al most other studies have not truly assessed epithelial characteristics (ie, expression of EpCAM and E-Cadherin) of their differentiated cell populations. 21, 22 In our study, similar to mRNA transcripts for transcription factors and endocrine hormones we also detected transcripts for E-Cadherin (not shown) but detected minimal protein expression of this gene product (o2%; Figure 8 ) which is a major deficiency in our differentiation protocol. The lack of epithelial cell antigens, especially E-Cadherin in our end product could explain why we do not detect insulin and may explain why in other Figure 8 Representative MSC antigen profile of differentiated MSCs compared with undifferentiated MSCs. Following differentiation (solid gray line, italic script), CD44 expression is absent whereas the expression of other MSC antigens is decreased compared to undifferentiated MSCs (solid black line, bold script). CK19, EpCAM and E-Cadherin are equal to or less than 12%. Solid histogram denotes isotype control.
Epithelial-mesenchymal transition and cell culture KL Seeberger et al studies cellular insulin levels are very low (0.56% that of normal islets) and not secreted in response to glucose. 21, 22 Several studies have recently demonstrated that cell adhesion via E-Cadherin regulates islet development, intercellular communication between b-cells and insulin secretion. [37] [38] [39] In the developing mouse pancreas, Dahl et al 37 demonstrated that disruption of E-Cadherin in b-cells inhibited the aggregation of endocrine cells into islet-like structures. In addition, when E-Cadherin was neutralized via antibody blockade, cell adhesion was lost and insulin secretion was reduced in MIN6 pseudoislets. 38 Therefore, one must first determine whether MSCs can indeed differentiate into functional epithelium that express cell adhesion molecules like E-Cadherin that mediate intercellular communication and insulin secretion when assessing and interpreting insulin or C-peptide release from derived cells.
The origin and contribution pancreatic MSCs have in generating new islets for transplantation remains controversial. Similar to citations describing the difficulty differentiating bone marrow-derived MSCs, 35 we cannot assume that pancreatic MSCs would be devoid of controversy. In a review by Phinney et al, 35 the authors state 'revealing the full differentiation potential of MSCs will not likely occur until the biology of the bona fide MSC is fully described'. Whether MSCs are derived from bone marrow, adipose, muscle, peripheral blood or pancreas this is a heterogeneous cell population with varied plasticity and differentiation potential. 35 The inconsistencies with respect to MSC differentiation into epithelial tissue may simply reflect the variation in isolation procedures or indicate that the plasticity assigned to this cell population in vitro may not reflect in vivo properties. 35 Several recent in vivo studies have demonstrated that MSCs may not physically contribute to tissue regeneration themselves but instead secrete soluble factors that mediate endogenous tissue repair and regeneration. [40] [41] [42] In particular in a recent study conducted by Lee et al, 41 human MSCs when infused into diabetic NOD/SCID mice engraft to damaged tissue but appeared not to differentiate into new b-cells, but promoted the increase of endogenous islets and improved glomerular morphology. In a similar study, Hess et al 40 reported that infused bone marrow cells engrafted to damaged pancreatic tissue resulting in endogenous pancreatic tissue regeneration and reduction of hyperglycemia but without expressing molecular factors associated with b-cell development. These and other studies suggest that MSCs may mediate tissue regeneration via endothelial interactions or by secretion of soluble factors in vivo. 41, 42 Therefore, the possibility exists that pancreatic MSCs that originate via EMT or preexist in islets/ pancreas may not have the potential to differentiate into a functional b-cell.
